Long-chain alkenones (LCAs) have been used for decades to reconstruct quantitative sea-19 surface temperature records, but they also have a great potential for paleotemperature 20 reconstructions in lacustrine settings. Here, we investigated how the presence and abundance 21 of LCAs in surface sediments from 106 lakes varied with environmental conditions in lakes 22 of the Northern Great Plains (Canadian Prairies) in southern Saskatchewan, Canada. 23 Consistent with preliminary research, we found LCAs in 55% of surveyed lakes, with mean 24 concentrations of 143 μg/g dry sediment, but very high concentrations (up to 2.3 mg/g dry 25 1 sediment) in 7% of lakes. Statistical analyses indicate that salinity and stratification play key 26 roles in determining LCA presence and abundance supporting previous research in Spain and 27 the Northern Great Plains, US. Overall, the alkenone unsaturation index (U 37 K ) was not 28 correlated significantly with average summer water temperature, probably because the timing 29 of maximum LCA production occurs during spring season. We conclude that improved 30 seasonal sampling is required within the study lakes to better identify the timing and habitat 31 of haptophyte production, and allow development of environmental temperature 32 reconstruction tools. 33 34
. During the last three decades, the 2.2 LCA analyses 150 Freeze-dried sediments were homogenized and extracted with dichloromethane 151 (DCM):methanol (MeOH) (9:1, v:v) using a Dionex model ASE350 accelerated solvent 152 extractor. Following evaporation of the solvent, the total lipid extracts were separated into 153 neutral and acid fractions by elution through a LC-NH 2 SPE column using DCM:isopropyl 154 alcohol (1:1, v/v) followed by ether with 4% acetic acid (v/v) as eluents, respectively. The 155 neutral fractions were further separated into four fractions of increasing polarity by 156 chromatography over a silica gel column packed with 35-70 μm particles using hexane, using hexatriacontane (n-C 36 alkane) as an internal standard added to the sample before 175 injection. The reproducibility achieved for duplicate LCA quantifications was estimated to be 176 better than ± 10% (coefficient of variation). The alkenone unsaturation index U 37 K and other 177 indices (for example U 37 K' , U 37 K'' , U 38 K ) were calculated for all lakes following Brassell et al.
178
(1986), Pearson et al. (2008), and Zheng et al. (2016) . LCA distribution parameters such as 179 C 37 /C 38 (Volkman et al., 1995) , %C 37:4 (Rosell-Melé, 1998), and RIK 37 (Longo et al., 2016) 180 were also computed. as two distinct processes. For the first part, or "hurdle", we used a binomial generalised 188 linear model based on the full dataset to model the presence and absence of LCAs 189 above/below the detection limit. For observations with LCAs above the detection limit (i.e., 190 those that crossed the hurdle), we modelled LCA concentration as a function of selected selection is often used to find the "minimum adequate model" that contains a small subset of 197 variables that explains, in a statistical sense, the data as well as the full set. However, 198 variable selection with highly correlation predictors is problematic (Whittingham et al., 199 2006), and it is increasingly recognised that there is no "best" model, but often a series of 200 models that explain the data equally well. 201 Predictive models were developed to account for the observation that many limnological 202 variables are potentially correlated. For both parts of the hurdle model, we tested the 203 significance of each variable (water chemistry, limnological, climatic, landscape) separately 204 using a chi-squared or F test for the presence-absence and concentration models, respectively. 205 We then fitted a large set of models using all combinations of the subset of significant 206 variables (Calcagno and Mazancourt, 2010 interest here is in explanation rather than prediction, we used AIC to identify the best tree 222 rather than cross-validation (Hothorn and Zeileis, 2015) . CARTs have the disadvantage that advantage that they can reveal interactions between variables not easily visualised using other 225 methods (Hastie et al., 2009) .
226
The relationships between various alkenone-based indices (%C 37:4 , C 37 /C 38 ; U 37 K , U 37 K' ,
227
U 37 K'' ), alkenone isomer composition, and environmental factors were further explored using 228 linear regressions and constrained ordinations. For the latter, we assessed the significance 229 and importance of each predictor with a Monte Carlo permutation test and variance 230 partitioning respectively (Borcard et al., 2011) .
231
The distribution of LCA concentration and many of the explanatory variables showed a 232 right-skewed distribution: these were either log 10 (all water chemistry, lake area, LCA the sampling area (> 51°N; Fig. 1 ).
262
The majority of LCA-containing surface sediments (53%) featured high %C 37:4 , with 263 values > 60%. Five lakes featured a profile mainly composed of the C 37:3 alkenone (%C 37:4 < 264 40%) ( Fig. 2 ). In addition, one lake displayed a predominance of C 38 alkenones over C 37 265 alkenones, with particularly elevated concentrations of the C 38:3 alkenone ( Fig. 2 ). Among the 266 lakes, four of them showed the presence of the C 37:3b alkenone isomer, including one 267 freshwater (< 0.5 g/L) and three oligohaline (0.5-5 g/L) lakes (Table 1 and Fig. 2 ). RIK 37
268
(ratio between C 37:3a and C 37:3b isomers; Longo et al., 2016) values ranged 0.47-0.57 (Table   269 1). C 37 /C 38 ratios varied between 0.4 and 7.7, with a mean value of 2.7 ± 1.7 (Table 1) . No 270 significant correlation was found between the U 37 K unsaturation index and depth-integrated 271 water-column temperature or surface water temperature at the time of sampling (August using other indices (such as the U 37 K′ , U 37 K'' , or the U 38 K ), or through regression analysis of 274 individual LCAs with air (spring or summer) and water temperature. other. The regression tree (Fig. 6 ) showed a salinity threshold of 4.9 g/L. A further distinction 303 was noted at low salinities (<4.9 g/L), with slightly higher LCA concentrations between 0.8 304 and 4.9 g/L than in less saline waters. At higher salinities (>4.9 g/L), LCAs showed higher 305 concentrations in stratified lakes than in unstratified basins.
306
Relative (%) importance of carbonate and sulfate and metrics of total salinity were 307 identified as the main predictors of alkenone isomer compositions, but explained variances 308 were generally low (8.2%, 5% and 2.5%, respectively). Most variation explained by 309 carbonate (4.6%) was independent of other variables, whereas the explanatory power of 310 sulfate (4.8%) and salinity (1.4%) was largely confounded with other variables.
311
Statistical analyses between various LCA-based indices and environmental factors showed 312 a significant but weak relationship between % carbonate (among anions) and %C 37:4, U 37 K , 313 U 37 K'' , or C 37 /C 38 (supplementary Table S2 ). No significant relationship was found between 314 salinity and %C 37:4 , or between salinity and U 37 K , U 37 K'' , or C 37 /C 38 (supplementary Table S2 ).
315
For the U 37 K' index, no significant correlation was observed with any environmental variables. The majority of LCA-containing lakes showed high proportion of C 37:4 alkenone (Fig. 2) , was not hypersaline (10 g/L) and we report that C 37 LCAs were also present in one lake with 341 salinity >40 g/L ( The Group I phylotype also thrived in some of the Canadian freshwater (< 0.5 g/L) and the alkenone isomer C 37:3b . The RIK 37 index (ratio between C 37:3a and C 37:3b isomers) has also 361 been proposed as a taxonomic indicator for multi-species effect, with RIK 37 values of 0.51-362 0.60 indicating lakes hosting only Group I haptophytes and RIK 37 values between 0.60 and 363 1.0 for lakes containing both Group I and Group II haptophytes (Longo et al., 2016) . In this 364 study, we found the C 37:3b isomer in four lakes (Fig. 2 Table S2 . 
